The study of nonstationary processes in the Sun is of great interest, and lately, multiwavelength observations and registration of magnetic fields are carried out by means of both ground-based telescopes and several specialized spacecraft (SC) on near-Earth orbits. However the acquisition of the new reliable information on their hard X-ray radiation remains demanded, in particular if the corresponding SC provide additional information, e.g. in regard to the flare observations from the directions other than the Sun-Earth direction. In this article we present a catalog of powerful solar flares registered by the High Energy Neutron Detector (HEND) device designed in the Space Research Institute (IKI) of Russian Academy of Sciences. HEND is mounted onboard the 2001 Mars Odyssey spacecraft. It worked successfully during the flight to Mars and currently operates in the near-Mars orbit. Besides neutrons, the HEND instrument is sensitive to the hard X-ray and gamma radiation. This radiation is registered by two scintillators: the outer one is sensitive to the photons above 40 keV and the inner one to the photons above 200 keV. The catalog was created with the new procedure of the data calibration. For most powerful 60 solar flares on the visible and on the far sides of the Sun (in respect to a terrestrial observer), we provide time profiles of flare radiation, summed over all the channels of X-ray and in some cases of gamma-ray bands as well as the spectra and characteristics of their power law approximation. We briefly discuss the results of the previous articles on the study of the Sun with HEND instrument and the potential of the further use of these data.
I. INTRODUCTION
Development of nonstationary processes in the Sun is accompanied by substantial plasma heating and particle acceleration. These phenomena are actively investigated with both ground-based instruments and space astronomy methods. One of such nonstationary processes is a solar flare. They are observed in a wide range of electromagnetic radiation, from radiowaves to gamma rays with progressively higher temporal and spatial resolution.
In the last decade one of the main instruments working in X-ray and gamma-ray energy bands is the RHESSI solar space observatory, which allows to obtain not only profiles and spectra of flares, but also their images in hard X-rays (HXR) and, in some cases, in gamma rays. The images of the Sun and solar flares in various bands of EUV and soft X-rays have been obtained onboard the spacecraft (SC) SOHO, CORONAS-F, STEREO, Coronas-Foton and GOES Imager as well. In recent years, a large amount of data on the radiation and mag- * Electronic address: maliv@mail.ru netic fields in the Sun has been collected during the observations with Hinode and SDO.
In spite of the vast information on the characteristics of plasma and accelerated particles a systematic study of flares, especially their HXR radiation, is of great interest. In April 2001 the Mars Odyssey SC was launched towards Mars. Its equipment (namely, the gamma-ray spectrometer GRS [1] ) includes a detector of high energy neutrons (HEND). This device designed in Space Research Institute (IKI) of Russian Academy of Sciences is intended to map the neutron radiation of the Mars surface in order to study the hydrogen (water) abundance in the planet's material [2, 3] . Besides neutrons this device is also capable of detecting photons with energies from 40 keV to 2 MeV, therefore HEND data contain the records of such events as solar flares and cosmic gamma-ray bursts.
Continuous operation of the device during the interplanetary cruise and subsequently in the orbit around Mars allowed in many cases to obtain time profiles and X-ray spectra throughout the whole time of the development of the events, filling the gaps both in the groundbased observations and the observations from the nearEarth orbits. HEND detected mainly flares of M and X GOES classes. Even the profiles and spectra of the most powerful phenomena which could not be recorded by other SC were entirely registered. Measuring of HXR fluxes from different directions in some cases allowed to distinguish the contribution to the total flux from different parts of the source localized near the apex or near the footpoints of the loops and to clarify if the directivity of this radiation exists. Thereby the joint analysis of HEND data with the collection of data obtained with RHESSI, STEREO and other SC allows to investigate nonstationary processes in more detail. HEND has registered flares on the far side of the Sun with respect to a terrestrial observer and in a number of cases one can study a number of secondary processes.
HEND facility has been working stably since 2001, and there have been registered about 100 flares during 16 years. Some results have already been published in [4] [5] [6] [7] . The most interesting appeared to be a study of the phenomena observed on the solar disk from the near-Mars and near-Earth orbits (with RHESSI). An experience of investigating the flaring activity in the course of a full turnover of the Sun before the launch of STEREO was also interesting. In particular, we observed the rise of the group 10484 at the beginning of the period of very high flaring activity in late October 2003; the arrival of accelerated electrons and, subsequently, of a cloud of hot plasma [6] from a behind-the-limb flare has been registered. This allowed to clarify the connection between gas-dynamic processes and particle acceleration, particularly, the emergence of a coronal mass ejection (CME) on the late stage of flares, to give an interpretation of some unusual phenomena in the interplanetary space and magnetosphere.
Mars Odyssey, as well as some other astrophysical SC such as Suzaku [8] , was not intended to investigate the Sun. On both Mars Odyssey and Suzaku, in the data analysis one used a reference to other SC, particularly to RHESSI data. This is why some questions of solar investigations, e.g. a question on the directivity of HXR or accurate comparison of data from several SC, could not be solved completely. One of the problems of using such data has been the need of independent calibration of the instruments. Moreover, a question of the dependence of the sensitivity of the equipment on the orientation of the SC with respect to the Sun has not been investigated so far which led in some cases to the distortion of the measured HXR fluxes.
Below in this work we give a brief description of the equipment, present a new calibration of the X-ray measurements and the results of the study of their dependence on the SC orientation with respect to the Sun. Further, a catalog of events is described which contains time profiles of 60 events in X-ray and, in several cases, in gamma-ray bands, as well as the HXR spectra. We briefly discuss the earlier obtained results of the study of the Sun with HEND facility and some statistical relations for the quantities given in the catalog; comments concerning some of the events under discussion are given.
II. ON THE HEND FACILITY
High Energy Neutron Detector HEND is designed in the laboratory of space gamma spectroscopy of Space Research Institute (IKI) of Russian Academy of Sciences. It is a part of the gamma-ray spectrometer GRS. HEND includes two groups of detectors. The first one combines three proportional counters which use 3 He isotope, the second one consists of two scintillators which register the hard X-ray and gamma radiation.
The scintillation block is implemented as two cylindrical scintillators, one inside the other. The outer scintillator is a CsI crystal, and the inner is a stilbene crystal. Apart from neutrons stilbene is capable of registering photons with energies in 60 keV -2 MeV band. However since this scintillator was located inside the other, the lower energy threshold was about 200 keV. The outer detector is also sensitive to the photons with energies above 40 keV. The energy band of each of these two detectors is subdivided to 16 channels which enables obtaining information on the spectrum of the registered radiation. The temporal resolution in each spectral channel is about 20 s. There is another type of data, namely time profiles with the resolution of 0.25 and 1 s for the inner and outer scintillators respectively. These time profiles are the count rates of the X-ray and gamma-ray radiation in all the channels of the inner and outer scintillators.
III. ON THE CALIBRATION OF THE OUTER HEND DETECTOR
The outer scintillation detector (OSD) of HEND has not been intentionally calibrated for the measurement of the HXR and gamma radiation before the launch of Mars Odyssey SC.
Moreover, the device does not contain calibration radioactive sources. For the conversion of the measurements from the "count/s" units to the physical units of the radiation flux density "photon/s/cm 2 /keV", we calculated the response matrices of OSD by means of Geant4 [9] and MCNPX [10] . The calculations were carried out with no account of other HEND detectors, photomultipliers, electronics and the mounting board on the SC. Obviously, such an approach provides approximate results. However their accuracy is quite satisfactory. To make sure of this, we compared the energy spectra of HXR and gamma spectra obtained with OSD/HEND and RHESSI [11] for a number of solar flares observed with both instruments from close position angles.
As an example we describe the results of the comparison for an M8.3 flare which occurred on 12 Feb 2010 (SOL2010-02-12T11:19) near the center of the solar limb as observed from Earth (N26E07). In this case the "Earth -center of Sun -flare" angle was about 7
• , the "Mars -center of Sun -flare" angle was about 1
• and the "Mars -center of Sun -Earth" angle was about 8
• (Fig. 1) . The time profiles of the count rates of HXR In Fig. 3 we give the energy spectrum of HXR radiation of the flare obtained from the RHESSI measurements in the 20-seconds time interval 11:25:52-11:26:12 UT which corresponds to the OSD/HEND measurement in the flare peak (the peak in Fig.2 ). The spectrum is obtained with a standard technique using the OSPEX package in SolarSoftWare [12] . In the energy range 50 -500 keV this spectrum (with the background subtracted) may be well approximated by a double power law function. In order to be compared with the HXR spectrum obtained with OSD/HEND, the RHESSI spectrum was integrated over the energy intervals corresponding to the energy channels of OSD/HEND. The integration is performed in two ways: 1) analytical integration of the fitted function; 2) bin-by-bin summation of the spectrum points. The results obtained with two methods are practically identical, however the first method allows (by means of interpolation) to obtain the spectra values in the energy ranges where the spectral flux values, according to RHESSI data, are formally below the background level, therefore in this work we only use the data obtained by analytical integration.
The results of comparison of the HXR spectra from OSD/HEND and RHESSI for the event discussed are given in Fig. 4 . The OSD/HEND spectrum shown in the left panel with diamonds and squares is obtained using the response matrices calculated, respectively, in Geant4 and MCNPX. One sees that the results obtained with Geant4 and MCNPX are practically identical (the Fig. 2 ) obtained via integration of the RHESSI data over the OSD/HEND energy channels (see Fig. 3 ). The measurement errors are shown with vertical dashes, the width of the energy channels -with the horizontal lines. Blue diamonds connected by a blue dotted line and red squares connected by a red dash-dotted line denote the HXR spectra obtained from OSD/HEND in the flare peak using the response matrices calculated via modeling in Geant4 and MCNPX, respectively. Right panel. The ratios of the spectra obtained from OSD/HEND and RHESSI shown in the left panel (the designations in both panels correspond to each other). One can see that the spectra obtained with the two instruments agree within a factor of 2.2. This indicates quite high precision of the OSD/HEND response matrices obtained in both Geant4 and MCNPX.
difference is less than 5%). It is also seen that the results obtained from the OSD/HEND and RHESSI data (crosses) are close to one another. The right panel of Fig. 4 shows that the spectra differ by factor of no more than 2.2. The ratio of the spectra is not equal for all the energy channels. The largest difference is observed in the OSD/HEND channel #6 (161.056-195.079 keV). Nevertheless, we stress that as a whole one can see good agreement (in the limit of factor 2-3) of the spectra obtained with two different instruments. An analogous result is obtained for a number of other flares observed from close position angles. Thus, one can conclude that the response matrices obtained are of acceptable accuracy and may be used for the reconstruction of the HXR spectra from the OSD/HEND data. A more detailed description of the calibration of OSD/HEND will be given in the other paper.
IV. EVENT SELECTION AND DATA REDUCTION A. Event selection
It is known that solar flares with powerful radiation in the range above 300-400 keV occur relatively rarely.
During all the operation time HEND has registered only 3 such powerful events for which the time profiles in several energy channels of the inner scintillator were obtained. These are the flares on 25 Aug 2001, 27 Oct 2002 and 28 Oct 2003. The first and the last ones are well known due to the observations on Yohkoh and RHESSI. The flare on 27 Oct 2002 has occurred far behind the limb for a terrestrial observer. Therefore the data on the electromagnetic radiation of the solar flares are mainly from the outer detector and everything considered in the present paper refers to this detector unless otherwise pointed. The event selection was made by the registration of the count rate in the integral channel.
The events with 3σ excess above the background level (according to the registration by HEND with 20 s temporal resolution) were compared with the times of the flare maxima from the IZMIRAN catalog [13] which is based mainly on the GOES data. Difficulties arose in rare cases, e.g. in September of 2011, when a bulk of particles from powerful CMEs and solar cosmic rays (SCR) reached Mars, and the radiation environment around the SC did not allow to register the HXR emission from flares in a time interval from several hours to 1-3 days. In some cases for more accurate identification, the RHESSI data were used since the operating range of this instrument is analogous to that of HEND. However since late 2001 Mars Odyssey had been in the near-Mars orbit and for this reason a part of the events could not be identified by the method described above due to the event seeing conditions of two SC. We therefore inspected the whole bulk of HEND data for events not identified from Earth. On finding such an event the decision whether it is a solar flare was made on the basis of several criteria. The first criterion is whether a CME or a type II radioburst was registered close in time to the event in question. Most often a CME was observed, in many cases marked in the LASCO database as a "halo with no identified source" which gave a ground to consider the event in the HEND data a solar flare. If a CME was absent, the time profile with 0.25 s cadence was investigated since in these profiles weak events were identified best of all. The spectrum was estimated as well. In some cases cosmic gamma-ray burst databases were checked in order for such events not to fall into the catalog. In recent years, a number of events are identified with the flares on the far side of the Sun registered by STEREO.
B. Fluxes and photon spectra
We use here the spectral data of OSD/HEND, sums of counts in a given energy channel over the integration time of about 19.75 s. Let us briefly describe the procedure of the conversion of the count rates to the physical fluxes (photon/cm 2 /s/keV) at the distance of Earth orbit and the construction of the flare spectra.
OSD/HEND has 16 energy channels (they are numbered from zero) of which we use for the analysis those At the first step of the reduction the background was subtracted from the data. The background in the spectral data varied only slightly on the time scales comparable with the duration of a flare, except for several short periods of time associated with the presence near Mars of particles accelerated in solar flares and, in rare cases, with the particularities of the Mars investigation program. The background remained practically constant in the soft channels with the increasing of modulation towards harder ones. The period of this modulation is equal to half the orbital period of the SC.
To account for the background the signal of the detector in each channel before the flare (sometimes after the flare) was approximated by a straight line or a parabola. To construct a spectrum one has to select a certain time instant. We chose the moment when the count rate in the channel 4 (counting from zero) reaches the maximum. Thus, for each flare we obtained a vector I c ("c" stands for counts) each of twelve coordinates of which is the detector's count rate in one of the channels from 3 to 14. The corresponding vector of physical fluxes I phot is bound to it via a linear relation I c = AI phot Sd∆E. Here A is the response matrix of the detector. This matrix depends on the direction from which the photons fall onto the detector, to be more accurate, on the angle between the direction to the source and the symmetry axis of the detector. In the process of calibration matrices for five directions from 0 to 180
• have been calculated. For intermediate directions the matrices were found via elementwise interpolation. The orientation of the detector with respect to the Sun at the moment of each flare was calculated with the SPICE package [14] . Further, S is the cross-section of the detector as observed from a given direction, d is the discriminator coefficient which is connected with the device operation features. The values of this coefficient with the errors for different channels are given in Fig. 5 . Finally, ∆E is the width of a given energy channel. The knowledge of the count rate vector allows to find the vector of physical fluxes. In order to estimate the error of the physical flux we took into account the dispersion of the background flux, the error of the discriminator and the fact that the arrival of (flare) photons is a Poisson random process with a characteristic dispersion.
Then the counts in the spectral channels used should be approximated by a model spectral curve. As such a model we used a power law, i.e. I(E) = aE −γ . For model parameters estimation we only used the fluxes in the channels where the flux exceeds the background by no less than 3σ, where σ is the root mean square deviation of the background. The model parameters obtained along with the errors for all the investigated flares are given in the consolidated Table II . The full description of the table is given in section V.
V. CATALOG OF POWERFUL FLARES
The catalog of powerful flares is presented as online supplement. It contains the total count rate for each of 60 events in all the channels of the outer scintillator in pulses (counts) per second at the location of Mars Odyssey. background subtraction was not performed. For a number of the most powerful events the gamma-ray profiles are provided, i.e. the sums over all the channels of the inner scintillator, again without the background subtraction. The following information is provided in the figure labels: the date, the GOES start time, GOES X-ray class, the full duration in minutes according to GOES, the rise time in minutes according to GOES, the active region coordinates where the flare took place, the active region id, and if then an optional index "i" is given, it means that the given profile is from the inner scintillator. As an example we give below, in section VI, a figure for the event on 14 Jul 2005 10:33 (Fig. 6 ). In addition to the time profiles, the spectra of the investigated events are shown with the power law approximation in the energy range above 100 keV. The ordinate axis shows the fluxes near Earth in units "photon/cm 2 /s/keV", the abscissa axis shows the energy in keV. Note that for weak soft X-ray events marked with an asterisk in the first column of Table II HXR fluxes did not allow to fit a model with sufficient accuracy (see the discussion and Fig. 7) . Moreover, when using the catalog, one has to keep in mind that during some events HEND was shaded by the body of the SC which inevitably lowers the reliability of the flare spectrum measurement. The results of the observations are compiled in the consolidated Table II . Let us give the description of all its columns.
1. The index number of the event. An asterisk means that the HXR flux was too low to derive the spectrum parameters sufficiently accurately.
2. The date.
3. UT time of the burst maximum in channel 4 (108 -132 keV) reduced to the distance from the Sun to Earth, i.e. the time of the event for a terrestrial observer. 4 . Time in seconds which takes the electromagnetic radiation to cover the difference in distances from the Sun to Mars Odyssey and from the Sun to Earth. This was computed using SPICE package [14] .
5. GOES X-ray class. 6. The NOAA active region id. Note that for two events the GOES class is absent, but the active region is known. These events occurred on the far side of the Sun, but close to the limb. They are ascribed to that active region (which rose soon) in which CMEs and radiobursts associated with it took place at that time.
7. The flux in channel 3 (87 -108 keV) and its error. This is the flux at the time for which the flare spectrum was calculated. The flux at Earth is given. 8, 9. The parameters of the power law function I(100)(E/100) −γ fitting the radiation spectrum, where the photon energy E is in keV and I(100) is the estimate of the photon flux density at the energy of 100 keV.
10. The duration of the burst in channel 3. As the start of a flare was considered the first instant when the flux exceeded the background level by more than 2σ. The end of the flare is the last such instant. Since we used the data with the cadence of 20 s, the durations are determined with the same accuracy.
11. The total number of counts in channel 3 in the course of the flare (fluence). This quantity was calculated as an integral of the count rate curve in channel 3 (without multiplication by the discriminator) multiplied by 20 since the data themselves are the count rates averaged over 20 second intervals. The sums of counts are also reduced to the distance to Earth (i.e. multiplied by (r M /r E ) 2 where r M is the distance from the Sun to Mars Odyssey and r E is the distance from the Sun to Earth).
12. The index showing whether there was an occultation of the detector by the body of the SC. "No" ("0" in the table) means that the solar disk was visible from the origin of the reference frame associated with HEND. "Yes" ("1" respectively) means that the solar disk is cov-ered by the body of the SC and the measurements, especially in the soft spectral region, could be distorted. The information on the occultation of HEND by the SC body was obtained from the data of SPICE system and an intentionally designed simplified model of the SC. Note. The following is given in the head: the event id #, the asterisc means that the HXR flux was too low to determine the spectral parameters sufficiently accurately; the date; the UT time of the burst maximum in channel 4 (108-132 keV) for a terrestrial observer; δt -the time in seconds which takes the electromagnetic radiation to cover the difference in distances from the Sun to the SC and from the Sun to Earth; the GOES X-ray class; NOAA -the active region id; F3 -the flux in channel 3 (87-108 keV) in phot/cm 2 /s/keV units; the parameters of the power law function I(100)(E/100) −γ fitting the radiation spectrum; ∆t -the duration of the burst in channel 3; Σ(E3) -the total number of counts in channel 3; U -indicates whether there was an occultation of the device by the SC ("1" -was, "0" -was not).
VI. DISCUSSION
The characteristics of the HXR spectra from HEND data have been previously obtained with the use of the cross-calibration with RHESSI. This calibration is briefly described in the Appendix. The independent calibration which has now been performed allows to estimate the accuracy of the spectra characteristics, in particular, those obtained earlier with the recalibration Mars Odyssey/RHESSI. As a rule, for most of individual events new and old determinations of 100 keV photon fluxes differ by a factor of no more than 1.5 -2. The difference is most prominent for the weakest flares. Moreover, they are pronounced stronger when the flare was located near the limb for at least one instrument since in such observations the dependence of the flux on the location of the flare with respect to the limb and on the SC orientation which was not considered earlier is manifested stronger.
An example of the observations of the event on 14 Jul 2005 10:33 UT is given in the left panel of Fig. 6 with the count rate typical of M5 -X1 flares. Here a precursor is manifested the registration of which on Mars Odyssey is partly distorted by sunrise effects at 10:14, as well as the main impulse with the count rate of several hundreds counts per second and additional maxima associated with the development of post-eruptive events (for more details on the phenomena on the Sun and the influence on the magnetosphere of this event on 14 Jul 2005 see [6, 15] ). In the right panel of Fig. 6 the spectrum of the flare is given. The radiation of all the events in the range 87 -108 keV (channel 3) correlates well with the power of soft X-ray radiation in the maximum of the flare. This is illustrated by the left panel of Fig. 7 , where the corresponding fluences and GOES 1-8Å fluxes are plotted.
Besides the comparison of the temporal profiles for individual events, the comparison of spectral slopes appeared to be more vital for estimation of the reliability of the earlier data. In the right panel of Fig. 7 , we plot the spectral slopes for old and new determinations. The slope errors for these events are more than 30%, we explain this by the high noise level. However the correlation coefficient after excluding these events is quite high (r ≈ 0.9).
Thus, the first conclusion to be derived from our consideration is that with the accuracy stated above HEND data allow to determine the characteristics of HXR emission of solar flares. For most of heliophysical studies, such accuracy of fluxes and spectra determination appears to be sufficient. Therefore the main conclusions of previous works remain valid. In other words, the data of HEND and RHESSI agree well. One should take into account that the power law slopes refer to rather narrow spectral range where the spectral fitting was done. Therefore, the slope values we provide do not describe the character of the entire spectrum, in particular, they do not give any hint whether there is a break in the spectrum. The double power law can be revealed if the event is reliably detected in hard channels of the inner scintillator and is pronounced in gamma rays, at energies above 300 keV. Note also that in the catalog we give the time profiles according to the spectral data.
This conclusion is important not only for the HEND detectors, but also for analogous devices mounted on other SC not designed specifically for the observations of the Sun. For example, on the Suzaku SC [16] recalibration of the solar measurements with the use of RHESSI data was performed and now one may use these data on the solar flares of various power more confidently.
However, in order to investigate more subtle effects on the basis of small intensity variations, e.g. the directivity of the HXR emission, one should have of course an independent calibration of the data.
Note also that in recent years HEND data may be used both for analysis of powerful events and for comparison with other instruments registering the solar radiation from the Earth -Sun direction as well as from various directions, like STEREO A, B.
In the supplement to the electronic version of the article we provide the profiles of all the events in the integral channel of the spectral data (20 s cadence) of the outer detector and in some cases of the inner detector. The spectra and their power law fits at energies higher than 100 keV are also given. Some remarks on the individual events and corresponding references are collected. Besides, the previous data based on the cross-calibration with RHESSI are given along with the spectral fits starting from 50 keV.
In order to facilitate the use of the time profiles given in the catalog and to estimate the accuracy of the values used in previous works on solar flares, we provide here the results of our previous analysis of a part of these data (consequently the list of the events has been extended). Earlier a procedure of cross-calibration -comparison of the HEND count rates with the absolute measurements on the other SC (RHESSI) was used. For such a procedure, a number of solar flares were selected the radiation of which was registered by both SC. In order to ensure the observation of the same parts of the source, we excluded the events that happened close to the limb as observed from at least one SC. In order for the possible directivity of the X-ray radiation not to distort the results of the fluxes comparison, we considered the phenomena for which the angle between the directions to the flare from RHESSI and Mars Odyssey did not exceed 60
• . It is known that RHESSI did not register the radiation flux in the maxima of some powerful flares. This circumstance constrained the event selection as well since an event should be sufficiently powerful in order to be registered in more than eight X-ray channels of HEND. For the time instances remained after such a selection the spatial orientation of both Mars Odyssey SC and HEND device mounted on it was determined with the use of the SPICE package [14] in order to determine the detectors illumination conditions.
In each event used in the cross-calibration procedure one and the same time interval was selected in the data of both SC. Each interval was 20 s long (equal to the time cadence of HEND spectral data). For a number of sufficiently long duration flares several time intervals were selected. Using the HESSI and OSPEX packages from SolarSoftWare [12] the absolute radiation fluxes (photon cm −2 s −1 ) were obtained in the selected time intervals in the energy ranges corresponding to the HEND energy channels. These fluxes were reduced to the distance to Mars. The values obtained were correlated with the count rates in the corresponding HEND channels. Before the correlation the background from RHESSI and HEND data was subtracted.
Thus, in each energy channel a set of calibrating coefficients k i was obtained, the number of which (14) deviations are given in Fig. 8 . Numerical values of the coefficients are equal to the effective area of the HEND detector in each energy channel.
Knowing the values of k i one can find from the HEND count rates the absolute photon fluxes in the range of each energy channel, say, at the distance to Earth:
where H i is the count rate at the selected point of the HEND time profile with the background subtracted (counts per second), r M and r E are the distances to Mars Odyssey and to Earth respectively at the time of the event in question.
The simplest way to derive a differential spectrum is to divide F i by the width of each channel. Usually in the energy range where HEND operates a power law is used to fit the spectrum: I(E) = I 0 E −γ . The parameters I 0 and γ and their errors were determined via minimization of the weighted sum of square residuals between the model values of the absolute fluxes F mod i and those observed F i . As a lower boundary of the differential spectrum we previously adopted the energy of 50 keV. The accuracy of the spectrum parameters determination depends on the scatter of the k i value. The absolute value of the root mean square deviation of k i at 100 keV equals 3 cm 2 which corresponds to the relative error of 20% which keeps in the range from 50 to 250 keV.
A set of programs was written in Python which allow to construct automatically the differential radiation spectrum given the HEND data. The input data are the date and time, time intervals over which the background is estimated and the degree of the polynomial used to approximate the background.
Since in the catalog we give the count rates summed over all the energy channels, it is necessary to show how one can roughly estimate the absolute flux at each point of such a profile. The response function determines the response value of the detector as a function of the energy of the registered radiation. In Fig. 9 we plot the response function of the outer HEND detector normalized to the maximum value for the radiation with the power law spectrum with the slope γ = 3. Such a slope is typical for solar flares of M-X classes in the HEND operating range. The effective energy, i.e. the energy of the highest count rate for such a slope equals approximately 100 keV, the half-width of the response function is also about 100 keV. For the spectral slopes γ = 1.5 and 4.5 these values are equal to 127 and 74 keV for the effective energy and 133 and 77 keV for the half-width, respectively. For such estimations one can use the effective area values plotted in Fig. 9 at the effective energies indicated.
